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Studying Spatial Gradients of Signaling Proteins in Mitotic Spindles with
Time-Integrated Multipoint Moment Analysis
Doogie Oh, Daniel J. Needleman.
Harvard University, Cambridge, MA, USA.
The organization of the mitotic spindle is orchestrated by the activities of mul-
tiple signaling proteins, such as the GTPase Ran. It has been proposed that the
Ran pathway produces a cascade of events which gives rise to spatial gradients
in the behavior of soluble proteins, which in turn produce spatial gradients inmi-
crotubule behaviors important for spindle assembly. Previous experiments have
directly demonstrated the existence of gradients around the spindle in the up-
stream components of the Ran pathway, but it is still unclear if there are signif-
icant gradients in the downstream soluble components in this pathway. We
recently developed a method, TIMMA, time-integrated multipoint moment
analysis, a multipoint form of fluorescence fluctuation spectroscopy capable of
quantitatively measuring the concentration, diffusion coefficient, and molecular
brightness of soluble proteins throughout live cells. We are using TIMMA to
characterize the behaviors of the upstream and downstream components of the
Ran pathway in live mitotic cell to test the validity of the Ran gradient model.
1042-Pos Board B828
Evaluation of High-Content Screening Fluorescence Correlation Spectro-
scopic (HCS-FCS) Data
Will A. Marshall, Qingfeng E. Yu, Jeffrey J. Lange, Brian R. Slaughter,
Jay R. Unruh, Christopher J. Wood, Winfried Wiegraebe.
Stowers Institute, Kansas City, MO, USA.
High-content screening fluorescence correlation spectroscopy (HCS-FCS) de-
termines diffusion properties, local concentrations and molecular interactions
of biologically relevant proteins in thousands of individual S. cerevisiae cells.
We automated one color auto-correlation fluorescence spectroscopy to investi-
gate the properties of the yeast proteome. We also used two-color cross-corre-
lation for interaction screens.
For the proteome wide one-color yeast screen, we investigated more than 4000
of the approximately 6000 proteins known in S. cerevisiae. This resulted in
over 200,500 measurements on more than 50,000 individual cells. This amount
of data required automated tools for data quality control and analysis. Our pipe-
line started with the evaluation of transmitted light images of the measured
cells. We extracted features from these images and trained a support vector ma-
chine (SVM) to classify them into healthy yeast cells and samples we wanted to
exclude from further analysis. A similar approach enabled us to classify raw
fluctuation data taken from the remaining cells and the auto-correlation curves
we derived from them. As training sets, we used measured and simulated data.
To analyze the correlation curves obtained from the fluctuation data,wefitted dif-
ferent diffusionmodels.We usedmixed-effectsmodels to extract averaged fit pa-
rameters for the same protein measured in multiple cells. To select the most
appropriate diffusionmodel we usedAkaike’s ‘An InformationCriterion’ (AIC).
This approach not only allows the analysis of large data-sets as they occur in
our HCS-FCS experiments and camera based FCS described in literature, but
has the additional advantage of reducing the human bias.
1043-Pos Board B829
Dual-Color Single Plane Illumination Fluorescence Correlation Spectros-
copy (SPIM-FCS) using a Single Photon Detector and Hardware Based
Image Processing
Jan Buchholz1, Jan W. Krieger1, Agata Pernus1, Edoardo Charbon2,
Udo Kebschull3, Jo¨rg Langowski1.
1German Cancer Research Center (DKFZ), Heidelberg, Germany,
2Technische Universiteit Delft, Delft, Netherlands, 3Goethe-Universita¨t
Frankfurt, Frankfurt, Germany.
We are interested in the movement and the interaction of fluorescently labeled
molecules inside living cells. Such mobility measurements at low intensities
can be carried out very well using single photon avalanche diodes (SPAD)
which allow count rates in the MHz regime.
Here we present a custom built single plane illumination microscope (SPIM)
equipped with a new 128x512 SPAD pixel array as an image sensor and
a full frame time resolution of <10ms. This is at least one order of magnitude
better than current setups using electron multiplying CCD cameras (EMCCD).
Using a dual-view device we can simultaneously image two spectral channels
of the sample onto different regions of the sensor.
Time-dependent fluorescence fluctuations, due to particles entering and leaving
the observed pixels, are evaluated by means of an autocorrelation analysis. To
study molecular interactions, we apply two-color fluorescence cross-correlation
spectroscopy (FCCS) to the different color channels.The underlying multi-tau correlation algorithm is implemented directly in cus-
tom hardware. This is done using reconfigurable logic chips, so called field pro-
grammable gate arrays (FPGA). Our current implementation can correlate
32x32 pixels with a resolution of 10ms in real time.
1044-Pos Board B830
Nanoapertures for 60 nm Resolution of Membrane Organization and
Dynamics
Christopher V. Kelly, David A. Holowka, Barabara A. Baird,
Harold G. Craighead.
Cornell University, Ithaca, NY, USA.
Dynamic nanoscale domains in the plasma membrane may be responsible for
a variety of cellular signaling processes via membrane receptor clustering and
lipid phase partitioning. However, current experimental approaches are limited
in spatial and/or temporal resolution to addressmanymembrane domain hypoth-
eses. We have developed a new approach utilizing an array of nanoapertures to
examine membrane organization and dynamics with near-field optical fluores-
cence microscopy without incorporating a scanning probe or disturbing the
membrane. These nanoapertures are glass-filled, cylindrical pores (> 50 nm di-
ameter) in a thin aluminumfilm on a fused silica support, and they provide a pla-
nar surface for unperturbed cell adherence and growth. A nanoaperture confines
the transmitted excitation light to a sub-diffraction limited spot directly above
aperture, providing a 40-fold decrease in the illuminated area as compared to
diffraction-limited illumination of the plasma membrane. Otherwise conven-
tional microscopy excitation sources and fluorescent probes are used to enable
fluorescence correlation spectroscopy (FCS) with 60 nm and 1 ms resolution.
Further, these apertures provide twokey benefits for FCS in addition to improved
resolution: ensured alignment of numerous illumination spots for cross-
correlations and ensured focusing of illumination on the cellular membrane as
opposed to focusingwithin the cytoplasm.Chromatic aberrations and slight laser
misalignment that may complicate far-field, two-color FCS are less of concern
with nanoapertures because the illuminationprofile is determined by the aperture
directly. This technique has been applied to both model and living cell mem-
branes to examine the diffusion of lipids and proteins in nanoscale dimensions.
In particular, wewill present results demonstrating the effectiveness of this tech-
nique to observe diffusion and interactions of membrane proteins and lipids that
change in response to cross-linking-mediated activation of a selected component
with consequent changes in the membrane environment.
1045-Pos Board B831
Distribution Characterization with Fluorescence Cumulant Analysis
Eben Olson, Nadia Benkhedah, Michael J. Levene.
Yale University, New Haven, CT, USA.
Fluorescence correlation spectroscopy (FCS) is a powerful tool for biophysical
research, capable of monitoring concentrations and molecular interactions on
a femtoliter scale. However, it is difficult in practice to resolve multiple molec-
ular species using FCS unless there is a large difference in molecular weight.
Several techniques have been developed to combat this problem, including pho-
ton counting histograms (PCH), fluorescence intensity distribution analysis
(FIDA), and fluorescence cumulant analysis (FCA). These are capable of resolv-
ing multiple components on the basis of differences in molecular brightness, but
have typically focused on studying samples with a small number of species.
Fluorescence cumulant analysis can be extended to determine the parameters
of brightness distributions containingmany components, yielding a set of simple
algebraic relations between the factorial cumulants of a measured fluorescence
intensity series and the moments of the brightness distribution. Using PCH in
conjunction with FCA, the best-fit distribution may be distinguished from sev-
eral candidatemodels.Wepresent simulations and experiments testing the appli-
cability of this analysis. This technique may be useful in studies where the
molecules of interest form a variety of multimers or aggregates.
1046-Pos Board B832
Exploring the HTLV-1 GagMembrane-Trafficking Pathway with Fluores-
cence Fluctuation Spectroscopy and Total Internal Reflection Fluores-
cence Microscopy
Keir Fogarty, Yan Chen, Iwen Grigsby, Patrick MacDonald,
Elizabeth Smith, Jolene Johnson, Jonathan Rawson, Louis Mansky,
Joachim Mueller.
University of Minnesota, Minneapolis, MN, USA.
The use of biophysical fluorescence-based techniques for the study of proteins in
living cells has significantly advanced in recent years. A particularly challenging
aspect of fluorescencemeasurements conducted in live cells is in the study of pro-
tein systemswhich exhibit complex and varying behaviors in different regions of
the cell. An example of such a system is retroviral Gag structural proteins, which
play a prominent role in viral assembly and are known to have cytoplasmic and
membrane-bound states with low-order and high-order oligomeric states,
208a Sunday, February 26, 2012respectively. The presence of high-order, fluorescently-labeledGag oligomers at
themembrane can impact fluorescencemonitoring of the cytoplasmic fraction of
Gag. In addition, cytoplasmic species can confuse the study ofmembrane-bound
Gag complexes. Our work focuses on the use of fluorescence fluctuation spec-
troscopy (FFS) and total internal reflection fluorescence (TIRF) microscopy to
investigate retroviral Gag species, both at the membrane and in the cytoplasm.
A focus of the study is the relationship between cytoplasmic Gag concentration
and the formation of Gag assembly sites at the plasma membrane. FFS monitors
Gag cytoplasmic concentration, while TIRFmonitors the biogenesis of HTLV-1
virus-like particles. Comparison of results fromHTLV-1 andHIV-1Gag reveals
intriguing differences in their assembly pathways. This work is supported by
NIH Grant AI81673, NIH Grant GM064589, a Cancer Center Cancer Biology
Training Grant (T32CA09138), and an American Cancer Society Postdoctoral
Fellowship (PF-11-159-01-MPC).
1047-Pos Board B833
Fluorescence Fluctuation Spectroscopy Applied to Cell-Free Expression,
Chromophore Maturation and Protein-DNA Interaction
Patrick J. Macdonald, Yan Chen, Ming Li, Reuben S. Harris,
Joachim D. Mueller.
University of Minnesota, Minneapolis, MN, USA.
Cell-free expression systems are increasingly being employed as platforms for
biophysical, biochemical, and systems biology experiments. We demonstrate
that combining fluorescence fluctuation spectroscopy (FFS) with cell-free ex-
pression provides quick and quantitative measurements of chromophore matu-
ration, protein-protein interactions and protein-DNA interactions. We perform
the first study of chromophore maturation as a function of temperature, and
demonstrate pronounced temperature dependence of the maturation kinetics
for EGFP, EYFP, and mCherry. The Eyring equation successfully reproduces
the temperature-dependence of the maturation rate for each of the proteins.
Our results for EGFP, EYFP and mCherry provide an explanation for the dif-
ferences in the reported maturation times studied by de novo protein synthesis.
A droplet sample protocol was developed to ensure sufficient oxygenation for
chromophore maturation studies, while preventing evaporation of the sample.
We further demonstrate the feasibility of protein titrations with the droplet pro-
tocol and characterize oligomerization of the nuclear transport factor 2 (NTF2)
over a wide concentration range by brightness analysis. We employ the droplet
setup to study APOBEC3G, a DNA cytosine deaminase enzyme with innate
immune activity against retroviruses, notably HIV-1. Brightness analysis re-
ports the homo-oligomerization of APOBEC3G, which is both concentration
and temperature dependent. Using two-color FFS, we simultaneously measure
APOBEC3G oligomerization and the interaction between APOBEC3G and
single-stranded DNA (ssDNA) in order to characterize the molecular interac-
tions of this important enzyme. This work was supported by grants from the Na-
tional Institutes of Health (GM64589, GM091743).
1048-Pos Board B834
Blinking and Bleaching of Tetramethylrhodamine on DNA Induced by
Paramagnetic Cations
Elana Stennett, Marcia Levitus.
Arizona State University, Tempe, AZ, USA.
Certain proteins require metal cation cofactors to function. The conformations
and dynamics of such proteins are often studied using single molecule fluores-
cence techniques. Blinking of fluorophores can make analysis of single mole-
cule fluorescence data difficult. During the investigation of a manganese-
dependent enzyme that binds DNA, we observed fluorescence fluctuations of
tetramethylrhodamine (TAMRA) when in the presence of manganese, but
not magnesium. This project seeks to understand the origin of fluorescent fluc-
tuations when in presence of certain cations and why they occur.
A DNA strand with an internally labeled TAMRA was studied while in the
presence of divalent calcium, magnesium, manganese, cobalt, nickel, and
zinc. Using fluorescence correlation spectroscopy, the fluctuations of TAMRA
were analyzed. When in the presence of calcium, magnesium, and zinc, the cor-
relation of TAMRA can be described by diffusion only. However, a process
that occurs in the micro-second timescale is present when manganese, cobalt,
and nickel are present. Flash photolysis experiments were done to characterize
the nature of the excited state species that causes fluorescence fluctuations. The
results indicate that a triplet forms while in the presence of manganese but not
magnesium, and only in the presence of DNA. Manganese, cobalt, and nickel
are paramagnetic cations and can induce triplet formation in dyes, while dia-
magnetic cations, like calcium, magnesium, and zinc, do not. This conclusion
is supported through lifetime and photodegradation experiments. When DNA is
present, the cations can induce a triplet at much lower concentrations than when
DNA is not present. This can be explained by the fact that when cations bind to
DNA, they are in closer proximity to the dye.1049-Pos Board B835
Single Molecule Fluorescence Dynamics and On/Off Blinking of Photoac-
tivatable Fluorescent Protein mEos2
Rene Kessler.
Johns Hopkins University, Baltimore, MD, USA.
Blinking, the natural switching of a fluorophore between fluorescent and dark
states, has been well documented for commonly used fluorescent proteins such
as GFP and YFP. However, blinking behaviors of photoactivatable fluorescent
proteins popular in superresolution imaging have not been well characterized.
Blinking fluorophores can be exploited to obtain subdiffraction-limited resolu-
tion, but counting a single fluorophoremultiple times could lead tomisidentifica-
tion of structural features and difficulties in quantifying constituents of cellular
structures. We describe the blinking behavior and related photophysical, photo-
chemical properties ofmEos2, themost widely used photoactivatable fluorescent
protein in super resolution imaging.We analyze variations of single mEos2 mol-
ecules in fluorescence emission, lifetime, andblinking rates and their dependence
on the power of activation and excitation energy.These results are interpreted and
utilized in the context of obtaining superior superresolution images.
1050-Pos Board B836
Enhancing Temperature and Pressure Sensitivity of Various Fluorescent
Proteins
Takamitsu Morikawa1, Masayoshi Nishiyama2, Keiko Yoshizawa3,
Toshio Yanagida1, Tomonobu Watanabe3.
1Osaka University, Suita, Osaka, Japan, 2Kyoto University, Kyoto, Japan,
3RIKEN, Suita, Osaka, Japan.
Green fluorescent protein (GFP), a spontaneousfluorescent protein isolated from
Pacific jellyfish, is perhaps the most popular fluorescent probe due to its simple
and easy labeling procedure.UsingGFP as a prototype,many fluorescent protein
variants of different wavelength emissions have been developed by gene engi-
neering. These can be used as indicators for numerous physiological properties
like pH, Ca2þ concentration, and force to study the dynamic states of a living
cell. Here we exploit the dependence of wavelength emissions on temperature
and pressure to develop a fluorescent protein- pressure indicator.
We investigated the temperature and pressure dependencies of Cyan fluores-
cent protein (CFP), GFP, and Yellow fluorescent protein (YFP). For an increase
in temperature, the intensities of all three proteins decreased. However, for
a pressure increase, the intensities of CFP and GFP increased while that of
YFP decreased. We also found a common mutation, an insertion of several gly-
cines into b-strand 7, that enhances the temperature and pressure dependencies
of all three proteins, causing a spectra blue shift in YFP, but not in CFP or GFP.
In this meeting, we will discuss these temperature and pressure dependencies
and the effect of our mutation.
1051-Pos Board B837
Microfluidic Cytometer For Simultaneous High-Throughput Screening of
Fluorescent Proteins on the Basis of Fluorescence Lifetime, Photostability,
and Brightness
Jennifer L. Lubbeck1, Kevin M. Dean2, Lloyd M. Davis3, Amy E. Palmer2,
Ralph Jimenez1.
1JILA at University of Colorado, Boulder, Boulder, CO, USA, 2University of
Colorado at Boulder, Boulder, CO, USA, 3University of Tn Space Institute,
Tullahoma, TN, USA.
Although the excitation/emission spectra of red fluorescent proteins (RFPs) have
been ideally tuned to a window optically favorable for in vivo work, their quan-
tum yields, photostabilities and blinking properties require improvement if they
are to be broadly employed for low-copy or single-molecule measurements. At-
tempts to engineer improved RFPs often result in optimization of one photo-
physical property at the expense of others. We developed a microfluidic-based
cytometer for screening HeLa cell-based genetic RFP-libraries simultaneously
on the basis of fluorescence lifetime (a proxy for quantum yield), photostability,
and brightness. Nine 532 nm excitation beams interrogate each cell in flow. The
first is acousto-optically
modulated (1-50 MHz)
to enable lifetime mea-
surement with phase
fluorimetry. The re-
maining beams act as
a pulse sequence for iso-
lating the irreversible
photobleaching time
constant. A 2D scatter
plot is shown below. Optical-force switching is employed to sort cells based
on any combination of the photophysical parameters. Screening with this instru-
ment enables identification of regions of the structure that synergistically affect
